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Introduction
Commercial corn oil is extracted from corn germ and could thus more accurately be called 'corngerm oil'. Previously we have reported the compositional differences between corn-fibre oil and corn-germ oil [l] , with the most significant difference being the much higher levels of phytosterols in corn-fibre oil. Because of these exceptionally high levels of phytosterols, it has been suggested that corn-fibre oil has potential as a cholesterol-lowering nutraceutical product or food ingredient [ 2 ] .
During the conventional wet milling of corn, the fibre fraction (sometimes called white fibre) contains both 'fine fibre' derived from the endosperm (inner cellular fibre), and 'coarse fibre'. T h e coarse fibre is mainly the hull and is comprised of both pericarp and aleurone layers. T h e pericarp lacks cellular structure and ultrastructurally appears to be almost entirely composed of cell-wall materials. T h e aleurone layer in corn consists of a single layer of living cells, with thick cell walls. In the current study, corn kernels were steeped in aqueous sulphur dioxide and lactic acid under conditions comparable with those of the steeping step of wet milling, and then the hulls were removed and hand dissected to yield pericarp and aleurone layers. T h e separated pericarp and aleurone fractions were ground and extracted with hexane and the yields and compositions of the resulting oils were examined.
Experimental

Corn fractions
Corn kernels (Pioneer 3394) were steeped in sulphur dioxide (0.2 o/; sodium metabisulphite) and lactic acid (0.55 O/") at 50 "C for 24 h. The germ and hulls were then removed and separated with a scalpel. Finally, the outer pericarp and inner aleurone layers of the hulls were separated with forceps.
Extractions
Fractions of (white) fibre, germ, aleurone and pericarp were dried at 60 "C for 2 h. Samples of fibre were milled to 20 mesh in a Wiley mill and extracted with hexane as described previously [ 13. Samples of germ, aleurone and pericarp were placed in hexane (1 g of sample/lO ml of hexane), homogenized with a Polytron Homogenizer (2 x 30 s, medium speed), and extracted by gentle shaking for 1 h. Extracts were filtered through a glass-fibre filter, the hexane was removed with a gentle stream of nitrogen, and the lipid mass (solvent-free residue) was measured.
HPLC of lipid classes
T h e levels of the three classes of phytosterol lipids [phytosterol fatty acyl esters, free phytosterols and ferulate phytosterol esters (FPE)] were measured by HPLC with an evaporative light-scattering detector, as described previously [1, 2] .
GC-MS of fatty acids
T h e oil samples were hydrolysed (1.5 M methanolic KOH, 75 "C, 30 min), methylated with diazomethane and analysed using a Hewlett Packard (San Fernando, CA, U.S.A.) 5890 Series I1 Plus G C equipped with a Hewlett Packard 5972 Series mass detector set to scan from m / z 45 to m / z 600 at 1.2 scans/s, and an SP-2340 capillary column (60 m x 0.25 mm, 0.2 p m ; Supelco, Bellefonte, PA, U.S.A.). T h e oven temperature was programmed as follows: 130 "C (1 min) to 180 "C (8 min) at 2 "C/min; to 230 "C (5 min) at 10 "C/ rnin to a final temperature of 250 "C (5 min) at 10 "C/min, with split injections (1 : SO), with the injector and detector set at 250 "C, using He as carrier gas at 1 ml/min.
GC-MS of phytosterols
Phytosterols in the saponified samples were quantitatively analysed using the same G C and mass detector as above, equipped with an SAC-5 column (30 m x 0.25 mm, 0.25 pm). All settings were the same as above, except that the temperature programme was 250 "C (8 min) to 265 "C (20 min) at 1 "C/min.
Results and discussion
Previously we have reported that the yield of extractable oil from corn fibre ranges from 1.5 to 2 "lo [1, 2] . T h e yields of oil from the aleurone and pericarp layers (the two major components of coarse corn fibre) were 5.93% and 0.61 %,, respectively (Table 1) . T h e yield of oil from the germ fraction was very high (40.4%), as expected.
Analyses of the three phytosterol classes in the oils from aleurone, fibre (white), germ and pericarp revealed that FPE were found mainly in the fibre and aleurone oils (Table 1) . This indicates that the aleurone is probably the source of FPE in corn fibre. T h e levels of phytosterol fatty acyl esters and free phytosterols were lower in the aleurone oil than in the fibre oil. Because very little oil was found in the pericarp fraction, it was not characterized further.
Analysis of the phytosterols and phytostanols (completely saturated phytosterols) in the three oils (after alkaline hydrolysis and methylation) indicated that the germ oil contained phytosterols (mainly p-sitosterol and campesterol), but no phytostanols (Table 2 ). In contrast, the aleurone and fibre oils contained high levels of phytostanols (sitostanol and campestanol) and some phytosterols ( Table 2) .
Analysis of the fatty acids revealed similar proportions in all three oils, with linoleic acid being the most abundant (56-60 YO ; Table 2 ). T h e levels of oleic acid were slightly lower in aleurone (20.6%) than in the fibre (23.8 yo) or germ (24.3 Yo) oils. T h e levels of linolenic acid were highest in the aleurone oil (6.3 YO), intermediate in fibre oil (2.6 YO) and lowest in the germ oil (1 .O yo).
Although squalene is a hydrocarbon sterol precursor, it also eluted with fatty acids, and it was Table 2 Phytosterols and fatty acids in hexane-extracted oil from corn aleurone, fibre and germ
Samples were saponfied and fatty acids were esterified with diazomethane. Phytosterols, fatty acid methyl esters and squalene were analysed quantitatively via separate GC-MS injections, as described in the Experimental section. rt, retention time. In summary, the composition of aleurone oil was similar to the composition of corn-fibre oil, indicating that corn-fibre oil is derived mainly from aleurone cells. All of the FPEs in corn kernels appear to be localized in the aleurone cells. Previously, Seitz [3] reported that the FPEs in corn kernels were localized in the 'inner pericarp', but the present study now indicates that they are actually localized in the aleurone layer. In addition, this study revealed that the phytostanols (saturated phytosterols such as sitostanol and campestanol) in corn kernels are localized mainly, and perhaps exclusively, in the aleurone cells. The aleurone cells contain a pool of triacylglycerols that is distinct from the pool in the germ, but the fatty acid composition of both pools is similar. Low levels of squalene are found in the aleurone and fibre oil, but there is none in germ oil. T h e yield of oil from hand-dissected pericarps was very low, thus indicating that although pericarps constitute the bulk of the mass of coarse corn fibre, they contribute little to the composition of corn-fibre oil.
Introduction
Carotenoids are widely distributed in Nature and more than 600 different structures are known. Plants, several bacteria and some fungi are able to synthesize carotenoids. Even though the end products of carotenoid biosynthesis can be very diverse, a general common pathway leading to the formation of cyclic p-carotene can be observed in many prokaryotic and eukaryotic organisms. T h e synthesis of this C,, carotene starts by the condensation of two molecules of geranylgeranyl pyrophosphate followed by four desaturation steps. Then, the ends of the resulting acyclic lycopene may be cyclized to P-ionone, c-ionone or Key words: capsanthin/capsorubin synthase, fungal lycopene &cyclase, heterodirneric lycopene cyclase, lycopene-e cyclase, lycopene cyclase/phytoene synthase fusion. Abbreviation used: Ccs, capsanthin capsorubin synthase. 'To whom correspondence should be addressed (e-mail Sandmann@em.uni-franldurt.de).
y-ionone rings. T h e enzymes involved in these cyclization reactions are lycopene cyclases. T h e genes of lycopene cyclases have been cloned from many bacteria, from fungi and from plants.
The classical monomeric lycopene cyclases of plants and many bacteria
T h e first lycopene cyclase gene, crt Y , was cloned from the eubacterium Erwinia uredovora [ 11. Several other very similar crt Y genes are now available from other non-photosynthetic bacteria. So far the only cyanobacterial lycopene cyclase gene ( c r t L ) is known from Synechococcus sp. PCC7942 [2] . Its similarity to the bacterial crt Y-type cyclases is rather low. Nevertheless, distinct conserved patterns in the amino acid sequence can be observed in crt Y , crtL and the lycopene cyclase genes from plants ( Figure 1 ). These are one hypothetical dinucleotide-binding region with similarities to the one found in phytoene desaturases [3] ( T h e amino acid sequence of lycopene cyclases from plants and cyanobacteria are closely related, as indicated by the phylogenetic tree ( Figure 2A ). All these lycopene cyclases are polypeptides with around 400 amino acids and a molecular mass of 43 kDa [6] , and the enzymes from plants have an additional N-terminal transit sequence of 100 amino acids.
T h e formation of p-ionone and c-ionone rings in plants is catalysed by two different enzymes, P-cyclase and c-cyclase. Both enzymes show high similarities in their amino acid sequence and it is very likely that they evolved from the same
